Introduction
In terms of taxonomy, bamboo is considered a giant grass. Ecologically, bamboo plants have tree-like functions in forest ecosystems. Bamboo has traditionally been used for multiple purposes by various mountain societies in the warmer regions of China and other Asian countries. The importance of bamboo in mountain ecosystems and mountain societies is reflected in the diversity of the species and their utilization. Bamboo has thus been-and will continue to be-an important factor in mountain development in these regions.
Various advantages such as a short rotation period, powerful regeneration ability, and good properties for wide use, similar or even superior to those of wood, make bamboo a suitable substitute for wood. The potential for saving wood through proper utilization of bamboo resources in the tropical and subtropical areas of China is remarkable. Bamboo is also significant with regard to combating degradation of mountain environments, ecosystems, and natural resources.
The inland mountain province of Yunnan is known as the region with the greatest number of bamboo species and the most abundant natural bamboo forests in the world. This article reports on the diversity of bamboo species and their utilization in this province, and evokes the interrelations between bamboo utilization and rural development, as well as strategic approaches towards sustainable use of bamboo and conservation of mountain ecosystems in Yunnan. The authors hope that the research presented here will contribute to poverty alleviation and mountain development, to ecological rehabilitation and conservation, and more specifically, to the development of social forestry.
Description of the area
The province of Yunnan is situated in southwest China. It covers an area of 394,000 km 2 . It neighbors Guizhou and Guangxi provinces in the east, Sichuan province in the north, and Tibet in the northwest, and has state borders with Myanmar in the west and southwest, as well as Laos and Vietnam in the south (Figure 1 Yang Yuming, Wang Kanglin, Pei Shengji, and Hao Jiming Y u n n a n Y u n n a n G u i z h o u G u i z h o u G u a n g x i G u a n g x i S i c h u a n S i c h u a n T i b e t T i b e t 
Methods
Data collection and review of literature A considerable amount of information presented here is based on field investigations undertaken by the authors of this paper. Results were partly published by several authors (Xue et al 1995; Geng and Wang 1996; Wang 1999; Wang 2000; Wang et al 1993; Wang et al 2000; Yang et al 2000; Ma and Zhang 2002) to enrich and support the objectives of conservation and sustainable utilization of species, as well as preservation of traditional uses in Yunnan province.
Interviews with local inhabitants
Interviews with local inhabitants provided an important source of information on distribution, habitat, ecological conditions, and regeneration of bamboo, as well as on indigenous knowledge systems concerning classification, utilization, management, and conservation of bamboo. Interviews with local inhabitants were conducted in 3 phases:
Phase 1: Collection of information on bamboo from local villages, to obtain general information on species that are being used and on the various uses. Personal interviews and questionnaires were employed. Phase 2: In order to identify the key species of bamboo used in local communities and to assess their potential for cultivation and development, the second phase consisted in selecting information at individual level in the case study area. Phase 3: Semi-structured interviews and group interviews were conducted to cross-check data and information obtained during phases 1 and 2.
Field survey and specimen collection
A field survey was carried out based on the information obtained from the interviews. Information on habitat, rhizome types, culm characteristics, culm sheaths, leaves, and inflorescence was recorded. This investigation also included accurate and detailed information on local names and their meaning, characteristics used to recognize species, distribution, special utilization, and conservation practices. Furthermore, the study involved the collection of more than 500 specimens of bamboo species that were either new to the study area, or could not be identified on site during the field investigations, due to their being rare or otherwise unknown.
Herbarium identification and inventory
Herbarium material of bamboo species related to the specimens collected was examined at botanical institutions, among others at the Forestry Colleges in Kunming and Xishuangbanna. The collected specimens were thus identified based on folk classification and scientific taxonomic knowledge. An inventory including scientific and vernacular names, uses, distribution, and specimen number was established based on the study of plant systematics and ethnobotany. All specimens are currently stored in the herbaria of the Kunming Institute of Botany, the Southwest Forestry College, and the Xishuangbanna Tropical Botanical Garden.
Results and discussion
Inventory of bamboo species diversity in Yunnan (Table 1) .
Bamboo forests
Yunnan hosts not only a great diversity of bamboo species, but is also rich in various types of bamboo forests. There are natural bamboo forests, mixed forests of bamboos and trees, and bamboo plantations. Altogether, more than 30 types of bamboo forests are found throughout the province, especially in southern Yunnan. Forest types include tropical, cold temperate, sympodial, monopodial, mixed, scansorid, and other types of bamboo forests with various ecotypes. Bamboo forests cover a total area of 331,000 ha (Table 2) . Total green culm stockings amount to 18,000,000 t, the annual culm output reaches 5,000,000 t, and annual bamboo shoot outputs of these bamboo forests total over 100,000 t. Yunnan's natural bamboo forests account for 90.3% of the total area in Yunnan covered by bamboo forests (Table 2 ). For instance, Dendrocalamus membranaceus forests, as the largest-scale big-sized sympodial type of natural bamboo forest in China, occur chiefly in the lower basin of Lancang (Mekong) river and cover an area of 70,000 ha. Natural bamboo forests composed of Schizostachyum funghomii and Indosasa sinica in the mid to lower Red River Basin in southeastern Yunnan cover about 10,000 ha. In northwestern Yunnan, there are alpine bamboo forests that consist mainly of Fargesia species.
Traditional uses of bamboo in Yunnan
The mountainous province of Yunnan is inhabited by many ethnic minorities. Throughout history, these peoples have accumulated a rich knowledge on the use of bamboo. Their daily life and work is closely linked with bamboo. They live in bamboo houses, eat bamboo shoots, wear bamboo hats and shoes, cook food in utensils made of bamboo culm internodes, walk over bamboo bridges or cross rivers on bamboo rafts, and farm with bamboo tools (Figures 2 to 4) . In most farmers' houses, the majority of everyday utensils are made of bamboo, such as bowls, chopsticks, various types of spoons and ladles, steaming utensils, rice cookers, tables and chairs, various types of containers, carrying tools, and many more. In rural areas, bamboo is planted around homes and villages, along roads and river banks, or next to fields. In addition to material uses, bamboo plants embellish the rural environment and fill the minority people's life with vigor and vitality based on the spiritual value of bamboo in their culture.
Nutritive and medicinal value
Of the 250 bamboo species found in Yunnan, at least 100 produce edible shoots that are both delicious and nutritious, thus meeting the people's food and health needs. The following criteria are used for selecting bamboo species for shoot production:
• Biological characteristics, such as shooting season, ratio of producing shoots, duration of shooting, rate of shoot growth, size of shoots, and convenience of harvest; • Ecological characteristics, such as good environmental adaptability; • Nutritional characteristics, such as nutritional quality and contents of fresh bamboo shoots; • Taste characteristics, such as crispness, taste, and suitability for cooking;
• Yield per unit area.
Comparison among species in Yunnan based on the above criteria has led to selection of key bamboo species for shoot production and cultivation (Table 3) . Bamboo shoots have the following advantages:
1. They possess high nutritional value. Some bamboo shoots have a high protein content (up to 15.23%). They also contain many amino acids, trace elements, and vitamins. 2. Most bamboo shoots grow naturally in mountainous areas, where neither chemical fertilizers nor pesticides are applied. Therefore, they provide a clean, pollution-free vegetable. 3. Bamboo shoots have a low fat content (less than 2.4%) and a high edible cellulose content (about 6-8%). Bamboo shoots thus help to reduce or prevent obesity . 4. Several high-quality shoot-producing bamboo species can be exploited and utilized profitably on a large scale. However, this requires population surveys and genetic improvement of the natural populations of these species. Since most of the extensive natural bamboo forests in Yunnan are low yielding, proper care and management are important to increase production. 5. Bamboo shoots taste crisp and fresh. Their total culm stocking reaches up to 7,000,000 t (see Table 2 ). These species are used for both timber and shoot production. Their culms are large in length and diameter, and consist of long fibers, thick culm walls, and tough timber. Sympodial bamboos yield good-quality timber for various traditional uses by ethnic peoples and provide good raw material to replace wood in manufacturing bamboo plywood and bamboo flooring, woven bamboo plywood, particleboard or fiberboard, the qualities of which are the same for wood . As the fiber shape and chemical composites of bamboo are similar to those of wood, most bamboo species in Yunnan are excellent raw material for producing pulp for paper. Schizostachyum spp. contain 7.5% cellulose, their fiber length reaches 3.6 mm, and the ratio between the fiber length and width may reach 296 (Xue et al 1995) . In addition, bamboo culms can be used to produce floorboards pieced together in decorative patterns, to make ceilings, furniture, in architecture, and to produce charcoal or anything else made of wood.
Other traditional uses of bamboo in rural mountain life
Along with its uses as food and as a wood substitute, bamboo serves many other purposes in rural mountain life. These include construction, tools, and medical, cultural, and ornamental uses (Table 4) .
Conclusion and recommendations
Bamboo resources in Yunnan show rich species diversity and diversity of vegetative types; they are therefore highly significant for the social, ecological, and economic development of the area: 250 bamboo species belonging to 29 genera are found in Yunnan, which accounts for half of all bamboo species and three quarters of all bamboo genera recorded in China. Yunnan's vast bamboo forests provide a source of important economically and ecologically desirable raw material.
Traditional bamboo uses are also very important for the cultural diversity of the ethnic minorities in Yunnan. Over centuries, various peoples have been using bamboo for a variety of purposes and have gained rich experience and knowledge. Their lives are closely related with bamboo, which has a strong influence on their history, art, handicrafts, music, religion, customs, architecture, and agricultural production. This understanding has helped to preserve traditional cultural knowledge systems in this mountainous province of China. The diversity of species and uses of bamboo resources in Yunnan are the basis of a stable and sustainable system.
Bamboo resources have a great development potential as an important non-timber forest resource. In order to develop and utilize the abundant bamboo resources of Yunnan, the following recommendations should be considered: (1) intensive high-yield, goodquality bamboo plantations should be established; (2) to strengthen transfer of bamboo research, the bamboo industry should be provided with scientific and technological resources; (3) to set up a bamboo development plan, macro-management in the bamboo industry should be strengthened; finally, (4) bamboo products for replacing wood should be developed, and the natural bamboo forests and their mountain ecosystems should be protected.
